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The present invention relates to a process for the prepa- 
ration of f luorosulphonic group (-SOjF) containing fluorinated 
vinylethers . 

More specifically the present invention relates to the 
preparation of -SOjF group containing f luorohalogenethers , 
which by dehalogenation give the corresponding fluorinated 
vinylethers, said process having improved selectivity combined 
with a lower formation of non recyclable by-products. 

The f luorosulphonic vinylethers form a class of monomers 
useful for obtaining polymers containing -SOjF groups, which 
are used in electrochemical applications as membranes for 
chloro-soda cells, fuel cells or as acid catalysts in organic 
synthesis . 

Processes for obtaining f luorohalogenethers containing 
the -SOjF group are known in the prior art. 

USP 4,358,412 describes the synthesis of the f luorosul- 
phonic vinylether CF 2 =CF- 0 -CF 2 CF 2 S 02 F, wherein in the first step 
the compound 

F0C-CF(CF2C1) -O- (CF2)2S02F 

is obtained, by reacting the acylfluoride FOC-CF 2 -SO 2 F with the 
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perf luoroallylchloride epoxide. In the second step the 
alkaline pyrolysis is carried out with sodium carbonate obtai- 
ning the f luorosulphonic vinylether. The f luorosulphonic 
vinylether synthesis according to this scheme has the drawback 
to use the perf luoroallylchloride epoxide which is a very 
expensive and not easily available reactant. 

USP 4,962,282 and 4,801,409 describe the synthesis in ga- 
seous phase of the hypofluorite FSOaCFjCFjOF starting, respe- 
ctively, from S sultone of tetraf luoroethylene having formula: 

CFj - CFa 

I I 

O - SO2 

or from acylfluoride FSOjCFjCOF. 

The sulphonic hypofluorite can then be added up, 
according to the prior art, to 1 , 2-dichloro- 1 , 2 -dif luo- 
roethylene (CFG 1112) . By dechlorination the monomer CF 2 =CF- 
O-CF 2 CF 2 SO 2 F is obtained. This process has the drawback to use 
the sulphonic hypofluorite, a strongly oxidizing compound re- 
quiring, as well known, particular precautions in the use. 
Besides, the Applicant has found that in the reaction with the 
olefin the yields are not satisfactory owing to the hypo- 
fluorite decomposition (see the comparative Example) . 

Generally the drawback of said processes is to have to 
synthesize the hypofluorite which, as known, is an unstable 
compound, and, therefore, must be immediately used. Further- 
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more the synthesis of this compound requires the use of a ca- 
talyst and therefore from the industrial point of view the 
process implies additional costs for the catalytic section 
management and the catalyst regeneration. 

Generally, for the hypofluorite preparation the most k- 
nown processes use catalysts based on metal fluorides. 

In USP 4,82 7,024 it is described the preparation in a 
continuous way of hypof luorites , by the fluorination reaction 
in equimolecular amounts with fluorine and halogenated 
carbonyl compounds having at least two carbon atoms, in the 
presence of a catalyst formed of CsF, optionally in admixture 
with metals, for example copper. Generally said metals are 
used, besides as catalyst (CsF) supports, also to make easier 
the thermal exchange and to dissipate the heat generated in 
the hypofluorite synthesis. The metal support according to the 
above described prior art must satisfy two main functions: 1) 
to maintain the catalyst in a form accessible to reactants, 2) 
to make the thermal exchange easier maintaining controllable, 
in the required range, the catalytic bed temperature. 

The drawback of this process is to use hypof luorites and 
a catalyst, with the above drawbacks. 

In USP 4,816,599, USP 4,801,409 and USP 4,962,282 hypo- 
fluorites are preferably prepared by reaction of the acylfluo- 
ride with excess of fluorine to have complete conversion to 
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hypof luorite , so to reduce as much as possible the acyl- 
fluoride concentration on the catalytic bed and avoid possible 
decomposition reactions of acylf luorides in the presence of 
CsF. See for example Carl G. Krespan in Journal of Fluorine 
Chemistry, 16 (1980) 385-390. 

A further drawback of said processes concerns the 
catalyst poisoning. Tests carried out by the Applicant on the 
processes for the preparation of hypof luorites of the prior 
art wherein the above described catalysts are used, have shown 
that by using said catalytic systems, both in a discontinuous 
and continuous way, their activity rapidly decreases in the 
time. The Applicant has found in particular that the activity 
reduction is very marked, until the complete catalyst 
deactivation, when in the hypof luorite formation reaction an 
excess of fluorine on the stoichiometric value is used, condi- 
tion indicated as preferred in the mentioned processes of the 
prior art . 

The need was therefore felt to have available a process 
for the preparation of -SOjF containing f luorohalogenethers 
overcoming the drawbacks of the prior art, in particular 
avoiding the use of catalysts and the hypof luorite synthesis, 
improving the selectivity in the desired compounds and with a 
lower formation of non recyclable by-products. 

The Applicant has surprisingly and unexpectedly, found 
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that by using the process described hereinafter it is possible 
to solve said technical problem. 

An object of the present invention is a process for pre- 
paring (per) f luorohalogenethers containing the -SO2F group and 
having general formula (I) : 

FSOj-R-CFjOCAF-CA' Fj (I) 

wherein : 

A and A' , equal to or different from each other, are 
Cl or Br; 

R can have the following meanings: a (per) f luorina- 
ted, preferably perf luorinated, substituent selected 
from the following groups: linear or branched Ci-Cjo 
alkyl, C3-C, cycloalkyl; aromatic, Cg-Cio arylalkyl or 
alkylaryl; C5-C10 heterocyclic or alkylheterocyclic; 

optionally containing one or more oxygen 
atoms ; 

when R is fluorinated it can optionally contain one 
or more H atoms and/or one or more halogen atoms 
different from F; 

by reacting carbonyl compounds having formula (II) : 

FSO2-R-COF (II) 

wherein R is as above; 

in liquid phase with elemental fluorine and with olefinic 
compounds having formula (III) : 
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CAF=CA' F (III) 

wherein A and A' are as above, 

operating at temperatures from -120°C to -20°C, preferably 
from -100°C to -40°C, optionally in the presence of a solvent 
inert under the reaction conditions. 

The fluorine used in the reaction can optionally be dilu- 
ted with an inert gas such for example nitrogen or helium. 

The carbonyl compounds of formula (II) can be synthesized 
with Icnown methods of the prior art. For example the compounds 
FSOjCFjCOF and FSO 2 CF (CF 3 ) COF can be prepared according to the 
method described in Angew. Chem. Internet. Edit./vol.ll (1972) 
No. 7 page 5 83. The compounds FSO 2 CF 2 CF 2 OCF (CF 3 ) COF and 
FSO 2 CF 2 CF 2 OCF (CF 3 ) CF 2 OCF (CF 3 ) COF can be prepared according to 
the method described in USP 3,282,875. 

FSO2 (CF2) 3OCF (CF3) COF can for example be prepared according 
to USP 4,597,913 by reacting FSO2CF2CF2COF, obtained for 
example according to USP 4,466,881, and HFPO (hexaf luoropro- 
pene epoxide) . 

The formula (III) compounds usable in the present 
invention process are for example 1 , 2 -dichloro-l, 2 -dif luoro- 
ethylene (CFC 1112), 1, 2-dibromo-l, 2-dif luoroethylene, prefe- 
rably CFC 1112 is used. 

As solvents in the present invention process, compounds, 
liquid and inert in the above mentioned temperature range can 
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be used. Compounds selected from (per) -fluorocarbons , 
(per ) f luoroethers , (per) f luoropolyethers , perf luoroamines , or 
their mixtures, can for example be used. Solvents can also be 
used having a low GWP, for example f luoropolyethers containing 
at least one hydrogen atom in one end group, preferably in 
both end groups; fluoroethers containing non fluorinated end 
groups of the type ORg wherein Rg is an alkyl from 1 to 3 
carbon atoms, for example OCH3, OC2H5, OC3F7 the other end group 
can be the same or a perf luorinated group, a hydrogen fluoro 
containing group. The skilled man in the art is able to select 
in the above classes the compounds to be used as solvents on 
the basis of their physical properties, for example to be 
easily separable from the components of the reaction mixture. 

As said, when R is fluorinated, it can optionally contain 
one or more H atoms and/or one or more halogen atoms different 
from F. The halogen atoms are Cl, Br, I, preferably Cl. 

The process according to the present invention can be 
carried out in a semicontinuous or a continuous way. Prefe- 
rably it is carried out in a sole reactor. 

The semicontinuous process can for example be carried out 
by feeding gaseous fluorine into the reactor containing the 
formula (II) acyl fluorides and the formula (III) olefins. The 
reaction is exothermic. The molar ratio (II) : (III) can vary in 
a wide range, for example between 10:1 and 1:20. The fluorine 
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feeding in the semicontinuous process can be continued up to 
the total olefin conversion. This is easily determined since 
the reaction exothermy is no longer noticed. The used amount 
by moles of fluorine is generally equal to the amount by moles 
of (III) , generally lower. Preferably one operates with molar 
amounts equal to (III) to have the total conversion of (III) . 

In the continuous process the gaseous fluorine and 
compounds (II) and (III) are fed into the reactor, until 
reaching the steady state. In practice the reactants are fed 
into the reactor with established flow-rates and the reaction 
mixture is continuously drawn. The steady state is reached 
when the concentration of the three reactants and of the 
reaction compounds in the reactor is equal to the 
concentration of the reactants and reaction compounds 
outflowing from the reactor. The molar ratios among the 
reactants are not particularly binding for the present 
invention process, for example the molar ratio (II) : (III) is 
as defined for the semicontinuous process, the molar ratio 
Fj : (III) ranges from 1:20 to 10:1. 

The Applicant has surprisingly and unexpectedly found 
that the reaction among a compound (II) , the formula (III) 
olefin and elemental fluorine, in the temperature range of the 
invention process, directly supplies formula (I) fluorohalo- 
genethers with improved selectivity in comparison with the 
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processes of the prior art (see the comparative Examples) . 
Besides, with the invention process one can operate at partial 
conversion of compound (II) , thus recycling the unreacted 
compound (II) . This is not possible with the process indicated 
in the comparative Example. The invention process results are 
therefore quite surprising and unexpected with respect to the 
teachings of the prior art . Furthermore in the invention 
process there is a further advantage since no catalyst is 
used, as on the contrary indicated in the prior art for 
obtaining f luorohalogenethers from the precursor hypof luorite . 
The catalyst absence notably simplifies the process for 
obtaining f luorohalogenethers, particularly on an industrial 
scale since the plant section with the catalytic reactor, the 
preparation and regeneration of the catalyst are eliminated. 

Therefore with the invention process there is a higher 
productivity since there are no plant stops for the catalyst 
regeneration or substitution. 

The Applicant has furthermore found that in the reaction 
mixture obtained with the process according to the present 
invention, the decomposition products deriving from compound 
(II) are present in reduced amounts (see the Examples) . 

It has been found that with the present invention process 
it is suitable to operate at partial conversion of compound 
(II) , for example conversions from 10% to 40% preferably from 
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10 % to 20 %, to obtain improved selectivity in the fluorohalo- 
genether and have a high amount of recyclable fraction. Indeed 
the unreacted formula (II) compounds, differently from 
hypof luorites (see the comparative Example 1) , do not 
decompose in the reaction environment and can be recovered, 
for example by distillation, and used again. In the processes 
for obtaining f luorohalogenethers of the prior art wherein 
hypof luorites are used, it is not possible to separate and 
recycle hypof luorites , due to the dangerousness and unsta- 
bleness of said compounds . It is well known that when hypo- 
fluorites are used, they are let completely react without ac- 
cumulation in the reaction environment. 

The (per) f luorohalogenethers containing the -SOjF group 
and having general formula (I) can be transformed into (per) - 
f luorohalogenoethers containing the -SO 3 H group by hydrolysis 
of the sulphonyl fluorides according to known processes, for 
example as described by T. Gramstad et al . , J. Chem. Soc . 
1956, 173, in aqueous alkaline solutions, for example aqueous 
solutions of KOH, NaOH, NH^OH. From said solutions the sul- 
phonic salt is recovered as a solid. By means of a strong 
acid, such for example sulphuric acid, the salt is then 
converted into the corresponding acid, which can be recovered 
for example by distillation. 

The same activation can be carried out on vinylethers 
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obtained by dehalogenation of the formula (I) fluorohalo- 
genethers containing the -SOjF group. 

The dehalogenation of the formula (I) f luorohalogenethers 
can be carried out by using the method described in USP 
6,388, 139. 

The following Examples illustrate with non limitative 
purposes the invention. 

EXAMPLES 

EXAMPLE 1 (comparative) 

Synthesis of FSO 2 -CF 2 -CF 2 O-CFCI-CF 2 CI according to the prior art 

1.5 Nl/h of fluorine diluted with nitrogen (molar ratio 
fluorine/nitrogen 1/14) and 1.1 Nl/h of SO 2 F-CF 2 -COF are fed 
into a 500 cc metal reactor filled with CsF as catalyst mixed 
with copper wires to disperse the reaction heat. The acy- 
Ifluoride is converted with a yield of 99.5% into hypofluorite 
SO 2 F-CF 2 -CF 2 OF. The so produced hypofluorite is further diluted 
with nitrogen (molar ratio hypof luorite/nitrogen 1/35) and fed 
into a CSTR type reactor (continous stirred tank reactor) 
containing 69 g of CFC1=CFC1 (CFC 1112) and 453 g of CFjCl-CFj 
(CFC 115) as reaction solvent and maintaind at the temperature 
of -85°C. 

After 4 hours the reactor is discharged and the solution 
is analyzed by gas chromatography . 

The reaction mass balance is 97.1%. The hypofluorite 
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conversion is 100 % and its selectivity in FSOj-CFa-CFjO-CFCl- 
CFjCl ( f luorosulphonic adduct) is 41.5%. Decomposition by-pro- 
ducts of the hypofluorite (total selectivity referred to the 
acylfluoride 39.5%) and other by-products (selectivity refer- 
red to the acylfluoride 19%) are also present. 

The solution is distilled obtaining 27 g of f luorosulpho- 
nic adduct pure at 98.5% (yield: 38.8%) . 

EXAMPLE 2 

Synthesis of FSOa-CFj-CFsO-CFCl-CFjCl 

441 g of CF 2 CI-CF 3 (CFC 115) are introduced into the CSTR 
reactor of the Example 1, maintained at the temperature of - 8 - 
0°C. Then 3.9 Nl/h of fluorine diluted with nitrogen (molar 
ratio fluorine/nitrogen 1/5) , 3.1 Nl/h of CFC1=CFC1 (CFC 1112) 
and 3.9 Nl/h of SO 2 F-CF 2 -COF are fed. 

The reaction is carried out for 3 hours, then the reactor 
is discharged; the material balance is 97.4%. The reaction raw 
product is distilled in metal column and the obtained 
fractions analyzed by gaschromatography and ^®F NMR. The CFC 
1112 conversion is complete and that of the acylfluoride is 
57.8%. 

52.7 g of f luorosulphonic adduct FSOa-CFj-CFaO-CFCl-CFjCl 
are separated. The selectivity is 49.8%. 

39.6 g of acylfluoride are recovered. 

Parallelly to the main reaction it also takes place the 
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fluorination reaction of CFC 1112 to CFC 114 and of fluorodi- 
merization to CF 2 CI-CFCI-CFCI-CF 2 CI (CFC 1112 dimer) . The se- 
lectivity with respect to CFC 1112 is 57.7% for CFC 114 and 
0.5% for CFC 1112 dimer. 

The CFC 1112 molar balance is 99%. 

EXAMPLE 3 

Synthesi of FSOj-CFj-CFjO-CFCl-CFjCl in excess of acylfluoride 

The Example 2 is repeated under the same conditions 
introducing into the CSTR reactor 128.9 g of SOjF-CFj-COF 
together with 311.1 g of solvent (CFC 115) and feeding 3.9 
Nl/h of fluorine diluted with nitrogen (molar ratio 
fluorine/nitrogen 1/5), 3.1 Nl/h of CFC1=CFC1 (CFC 1112) and 

3.9 Nl/h of SO 2 F-CF 2 -COF for 3 hours. 

The reaction mass balance is 97.6%. 

Analogously to the Example 2 the reaction raw product is 
distilled in metal column and the obtained fractions are anal- 
yzed by gaschromatography and ^®F NMR. The CFC 1112 conversion 
is complete and that of the fed acylfluoride is 29%. 

34.2 g of f luorosulphonic adduct FSO 2 -CF 2 -CF 2 O-CFCI-CF 2 CI 
are separated. The selectivity is 65.0%. 

195.9 g of acylfluoride are recovered. 

Beside the main reaction there is also the reaction of 
fluorination of CFC 1112 to CFC 114 and of f luorodimerization 
to CF 2 CI-CFCI-CFCI-CF 2 CI (CFC 1112 dimer) . The selectivity 
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with respect to CFC 1112 is 44.9% for CFC 114 and 0.34% for 
CFC 1112 dimer. 

The molar balance of CFC 1112 is 99%. 
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